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The serum protein concentration has frequently been observed
to be reduced in certain types of Bright's disease and in various types
of malnutrition. Formerly the fundamental cause for this was
attributed to either a loss of protein in the urine or a lack of protein
in the diet. In 1933, in introducng studies on the effect of restric-
tion of protein intake on the serum protein concentration of the rat,
Bloomfield8 critically examined the evidence in support of the "loss
and lack" theory, and concluded that such a simple concept did not
fit all the facts of clinical and experimental experience. The
hypothesis was advanced that some other factor, such as an impair-
ment of or an injury to the serum protein regenerating mechanism,
may be an accessory, if not the primary, factor in the production of a
hypoproteinemia. More recent investigations by other workers and
studies conducted in this laboratory afford further support for this
hypothesis. However, in view of the controversy concerning the
question, it seems profitable to review critically the evidence in sup-
port ofthe "loss and lack" theory and the arguments which have led
investigators' 8, 38, 88,40,48 to postulate an additional factor in the pro-
duction of a hypoproteinemia.
Evidence in Support of the "Loss and Lack" Theory
1. Malnutrition, unaccompanied by a proteinuria, has been ob-
servedrepeatedly to predispose towarda hypoproteinemia.1 112,38132,34
The malnutrition may result from a diet deficient in protein or from
lowered assimilative ability on the part of the body, as in diabetes, or
from protein wastage caused by intoxications or infections. An ade-
quate protein diet stimulates clinical improvement and promotes a
rise in the serum protein concentration.
The experimental production of edema associated with a hypo-
proteinemia on low-protein diets has been reported in the case of
the rat9' 14, 17, 25 and dog.45' 48, 49,50.
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2. Hypoproteinemia is always associated clinically with an im-
pairment in kidney function in which there is a chronic loss of large
quantities of protein in the urine.
Experimentally, hypoproteinemia has been produced by use of
the technic of plasmapheresis in the dog", 3 13, 19, 21, 22, 24, 28, 29, 33, 35, 37,
88, 40,41,44, 46, 51 and in the rabbit"' simply by daily bleedings. In the
case of the dog the depletion of the plasma (plasmapheresis) was
accomplished by the repeated bleedings of the animal, followed
immediately with the reinjection of the corpuscular elements of the
blood suspended in physiological saline or Locke's solution.
3. In the studies conducted by Whipple and associates'9' 35' 44
various dietary factors have been evaluated with respect to their
ability in promoting the regeneration of serum protein, using as a
constant and maximal stimulus the maintenance of the serum pro-
tein concentration at about 4 per cent by plasmapheresis of varying
degrees. Potent dietary factors necessitated larger and more fre-
quent bleedings in order to maintain constant the basal level of the
serumprotein concentration. Thevalues obtained with the different
foods tested in this manner varied widely. Indeed, the potency
ratio of one protein (serum protein) may differ from that of another
(kidney protein) to the extent of 800 per cent. Repeatedly in these
studies the authors have postulated that the products of tissue pro-
tein catabolism cannot be utilized for the formation of new serum
protein. They state44 that "the body proteins may be said to stand
by helpless to aid while vital plasma proteins are depleted even to a
lethal point . . . Evidently in this emergency the plasma protein
is very largely if not wholly dependent on materials coming in from
the gastro-intestinal tract." The evidence for this hypothesis is
based upon the inability of their dogs, subjected to plasmapheresis,
to regenerate serum protein adequately during a fasting regime.
Thus, iftheir interpretation ofthese studies is accepted as valid, their
investigations afford strong additional support for the "loss and
lack" theory. A hypoproteinemia can be produced by loss of pro-
tein (plasmapheresis); the consumption of an adequate protein diet
is followed by the prompt regeneration of serum protein; lack of
protein in the diet (fasting) of an animal rendered hypoproteinemic
by loss of protein results in a negligible formation of serum protein.
4. When an animal is subjected to plasmapheresis the proteins
removed are obviously the circulating plasma proteins. In the pro-
teinuria associated with certain types of Bright's disease the urinaryHYPOPROTEINEMIA
protein appears to represent the serum protein which escapes into the
urine because the capillary endothelium and renal epithelium (prob-
ably in the glomeruli) become, as effects of the disease, permeable
to protein. Serological tests,2 studies of optical activity,20 isoelectric
point,26andquantitativeanalysesforthe constituent aminoacids7'28'27
indicate urinary protein to be derived from serum protein.
The papers by Kozawa and associates" and of Block and collab-
orators7 are of particular interest, since they indicate urinary protein
to be no particular fraction of the serum protein complex but the
entire protein unit as it circulates in the plasma. Whereas deter-
minations conducted with the urine as voided indicated an albumin
to globulin ratio of approximately 5:1, a repetition of these tests
upon the same urine samples after dialysis and concentration of the
material yielded values approximating 1:1, which were identical
with the ratios obtained with sera from these samepatients." In a
comprehensive and authoritative review6 of the nature of proteins
as they exist in protoplasm, Block has brought together his contribu-
tions to the subject. In his studies of the serum proteins he has
shown that the molecular ratio of lysine to arginine increases in the
protein fractions with increasing solubility of the protein in the
neutral salt solution. Inasmuch as the arginine values in all of the
protein fractions were practically the same, the differences in ratios
were due solely to increasing amounts of lysine in the more soluble
protein preparations (the albumins). These studies indicated that
if the albumin-globulin determinations as carried out in the dinic
weretrueestimations oftheamounts ofalbumin and globulin present
in a serum, then two sera differing with respect to their albumin to
globulin ratios should yield different amounts of lysine. Such was
notthecase; the molecular ratios of arginine to lysine were remark-
ably constant in sera with widely dissimilar albumin-globulin con-
tents. The conclusion was reached that the proteins obtained from
blood serum by the usual physicochemical methods are not constant
in amino acid composition but are artificial products produced by
the reagents employed in their preparation. Determinations of the
molecular ratio of arginine to lysine in the serum protein complex,
obtained from a patient with nephrosis and whose serum had an
albumin to globulin ratio of 0.15:1, and in the urinary protein
excreted from the same individual yielded in both cases values
identical with those obtained with normal serum protein.7 These
findings by Kozawa and associates and by Block indicate that the
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urinary protein excreted in conditions of nephrosis is not almost
entirely albumin, as is generally believed, but is the same protein as
that present in the plasma.
A consideration of these clinical observations and experimental
findings certainly does indicate that loss and lack of protein may be
significant factors in the production of a hypoproteinemia. How-
ever, such a simple concept does not fit all the facts. A considera-
tion of the evidence presented below makes it necessary to postulate
some additional factor, such as an impairment of or an injury to
the serum protein regenerating mechanism, as being an accessory, if
not the primary, factor in the production of a hypoproteinemia.
The Possibility of an Accessory Factor in the Production
of a Hypoproteinemia
1. In a study of the effect of restriction of protein intake upon
the serum protein concentration of the rat, Bloomfield8 pointed out
that his procedure differed from that employed by Kohman25 and
by Frisch, Mendel, and Peters"7 in that he used mature animals
which were fed an artificial "synthetic" diet containing about 3 per
centofprotein. Ratssubsistingonthisdietforaslongas21 weeks,in
spite ofmarked loss ofbodyweight, evidencedno significant decrease
in the serum protein concentration aside from an initial (physiologi-
cal?)drop. Thisdecreaseintheserumproteinconcentration, amount-
ing to approximately 10 per cent of the initial normal value, was
detectable by the second day and was quite obvious by the tenth
day after the inauguration of the low-protein diet. The decreases
in weight, however, were not apparent until after the tenth day and
continued thereafter, while the serum protein concentration remained
remarkably constant. These experiments suggest that loss of tissue
protein and loss of serum protein do not parallel each other. It
seems evident from this study that the maintenance of the serum
protein concentration bears no relation to the nitrogen metabolism
of the organism as a whole but may be dependent upon a specific
mechanism which, in the case of Bloomfield's investigations, was
not impaired by the experimental regime.
With respect to thepresence ofsuch a specific mechanism we have
observed40 no parallelism to exist between the ability of the dog to
regenerate serum protein and its efficiency in using dietary protein
for meeting the general nitrogen requirements. For example,
studies of the protein minimum for nitrogen equilibrium may indi-
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cate one animal to be superior to another in ability to utilize dietary
protein for satisfying the nitrogen requirements of the organism as
a whole; however, with respect to serum protein regeneration the
reverse may actually be true.
In a subsequent study Bloomfield10 has fed rats diets containing
varying amounts of protein, lard, and starch. These rations fur-
nished no vitamins or salts and were therefore inadequate for growth
or maintenance. When the animals lost approximately 35 per cent
of their initial body weights, they were sacrificed and analyses were
made of the sera. With diets containing 20 per cent protein or less
there was a decrease in the serum protein concentration approximat-
ing from 12 to 20 per cent of the initial normal value. However,
the concentration of the blood protein was maintained at that level
(5.25 to 5.50 per cent) regardless of whether the diet contained 1,
5, or 10 per cent protein; on the other hand the decreases in body
weight were decidedly more rapid with the lower protein rations.
These experiments also indicate that the formation of serum protein
involves some specific mechanism which may not be appreciably
affected by marked changes in the protein metabolism of the body
as awhole. It would have been desirable in these studies conducted
by Bloomfield8'
" to have included determinations of- the nitrogen
balance, in order to provide some index of the extent of tissue protein
loss, and blood volume estimations by a more precise method, so as
to evaluate the influence ofhemoconcentration upon the maintenance
of the serum protein concentration.
2. If the products oftissue protein catabolism cannot be utilized
for the formation of serum protein, then complete fasting, the
extreme form of malnutrition, should be followed by a marked
reduction in the serum protein concentration. However, such is not
the case."8' 47 In fact, dogs with hypoproteinemia, produced either
by means of the technic of plasmapheresis2' or by the consumption
of an inadequate protein diet,48 will show prompt recovery when
subjected to fasting, even though there is an attendant loss in body
weight. It is quite true that in the earlier experiments conducted
by Whipple and associates2" and those reporting the effects of simple
fastingl8' 47 there has not been any significant depletion of the reserve
serum protein stores. Thus, in conditions of stress such as starvation
it seems quite likely that the formation of serum protein and its
maintenance at a normal concentration may be due simply to the
reserve stores of this material, present as such or potentially so. In
the case of the experiment reported by Weech and collaborators48 it
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seems more probable that a true regeneration of serum protein at the
expense of tissue protein did occur. In all likelihood the reserve
serum protein stores were depleted by the dog, since it had sub-
sisted previously for 64 days on a low-protein, edema-producing
diet. In our own study38 we have shown that a fasting regime
promotes the formation of the blood protein in the dog, the serum
protein stores of which previously had been completely depleted by
preliminary plasmapheresis. In this study the dormancy of the
serum protein regenerating mechanism was manifest. During the
depletion of the reserve serum protein stores and thereafter the
animal was maintained on our basal protein-free diet for as long as
45 days, duringwhich time the dog failed to recover from the hypo-
proteinemia. However, the subsequent fasting period resulted,
after a slight delay, in a progressive rise in the serum protein con-
centration until the normal value was approximated. Blood volume
determinations indicated that the regeneration of this protein was
real and not apparent, simply a result of hemoconcentration.
In the reports54" from Whipple's laboratory postulating that
tissue protein cannot be considered as a potential source of serum
protein, the investigators failed to consider that the products oftissue
protein catabolism in dogs, subjected to fasting and-concomitant
plasmapheresis, are utilized to a considerable extent simply to fur-
nish energy. Thus, a limited formation of new serum protein under
such circumstances is indeed not surprising. The crucial experiment
would seem to be to feed a high-caloric protein-free diet to dogs
subjected to plasmapheresis and observe the serum protein regenera-
tion that can take place under such an experimental regime. Such
studies have been conducted in our laboratory.7388' 40 It was ob-
served repeatedly that under such circumstances these dogs were
able to regenerate each week approximately 20 to 30 per cent of the
serum protein normally present in the plasma. This initial finding
with these animals was confirmed subsequently on six additional
dogs.41
These investigations ofserum protein regeneration during fasting
and protein starvation also point to a specific mechanism responsible
for the formation of this blood protein. It is quite obvious from
these experiments that serum protein regeneration may occur under
conditions characterized by a loss of tissue protein, and this would
hardly be expected if serum protein formation constitutes merely a
small phase of the general nitrogen metabolism.
4. If the "loss and lack" theory were alone sufficient to account
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for a hypoproteinemia, one would expect that in the experimental
production of a nutritional edema the initial nutritional status should
be of primary importance. However, Weech and co-workers48 49
have demonstrated that no apparent relationship exists between the
appearance of hypoproteinemia (and onset of edema) and the origi-
nal state of nutrition and muscular development of the dog.
5. During the recovery from nutritional edema, both in man
and in the dog,48 the recovery from the hypoproteinemia is more
rapid than is the restoration of the normal nutritive condition.
6. Clinical evidence has been accumulating to indicate that in
many cases some factor must be postulated other than loss or lack
of protein in the development and persistence of a hypoproteinemia.
If in Bright's disease the proteinuria is the sole etiologic agent, one
would expect the serum protein deficit to parallel the extent of the
proteinuria. The data obtained by Peters and associates43 show that
this is not necessarily true. Some of the patients with maximal pro-
teinuria had relatively high serum protein concentrations, and vice
versa. Furthermore, the serum protein concentration in individuals
with exaggerated proteinurias does not continue to decrease indefi-
nitely but appears to establish itself at a low but constant level in
spite of chronic loss of protein. These authors43 also report that
edema is likely to appear if the serum protein concentration is in
the neighborhood of 4 per cent, but usually can be eliminated by
proper therapeutic measures. However, when the values are con-
sistently below the 4 per cent level, treatment is usually ineffectual.
Apparently under such conditions there is a profound disturbance in
the ability of such patients to form serum protein.
7. Further clinical evidence difficult to harmonize with the "loss
and lack" theory is offered by Peters and others,23 30,42 wherein it is
demonstrated that in a number of cases of nephritis a high-protein
diet is without appreciable effect on the serum protein level, regard-
less of whether there is a positive or negative nitrogen balance.
Bing' has also pointed out the impossibility of predicting the effects
of various dietary regimes upon the serum protein concentrations in
certain cases of nephrosis. This has led him to postulate that in
conditions of hypoproteinemia there is, in addition to loss and lack
of protein, a third factor involved, namely, an impairment of a
mechanism specific for the formation of serum protein.
8. In contrast to the difficulty with which certain nephrotic
patients form new serum protein attention should be directed
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to the ability of the normal organism to regenerate this protein.
Plasmapheresis is an extreme method for bringing about the
reduction of the serum protein concentration. Bleedings of 25
to 40 per cent of the blood volume daily, and in some cases
several each day, were necessary to produce a significant hypopro-
teinemia.1,3,13,19,21,22,24,28,29,33,35,37,38,40,41,44,46,51 Despite these pro-
cedures the dogs exhibited an amazing ability to regenerate serum
protein rapidly. Barnett, Jones, and Cohn4 have observed that
moderate plasmapheresis, whereby 1/40 and 1/10 of the blood
volume is removed daily, fails to produce any reduction in the level
ofthe serum protein. Similarly, Lepore29 has reported that plasma-
pheresis on alternate days of approximately 1/4 of the blood volume
does not produce a significant hypoproteinemia in dogs subsisting on
a complete diet. Obviously then, if loss of protein is to be effective
in lowering the protein concentration, this loss must be extreme
unless there is in addition, some impairment of or injury to the
remarkable serum protein regenerating mechanism.
In one of our most recent studies40 we have found that the dog,
fed an adequate protein diet and subjected to a regime of prolonged
intensive plasmapheresis (period of 16 consecutive weeks), evidences
no impairment in its ability to regenerate serum protein from either
exogenous or endogenous sources. Under our conditions of experi-
mentation, involving the technic of quantitative plasmapheresis36
and constant dietary intake, the dog is able to form each week an
amount of the blood protein approximately equal to that normally
present in the plasma. Because of this remarkable ability of the
normal organism to regenerate serum protein rapidly over a rela-
tively long period of time, it was considered reasonable to believe
that loss of protein alone in conditions of Bright's disease is not the
sole etiologic agent responsible for the persistence of the hypo-
proteinemia. An additional factor, the "specific" ability of such
individuals to regenerate serum protein, must be taken into
consideration.
9. Certain pathological conditions, such as bacterial infection
and inflammation, have been reported as being depressant in their
action on plasma protein formation in spite of no appreciable impair-
ment in the use of dietary protein for the general nitrogen require-
ments of the organism as a whole."1 33 In the study conducted by
Whipple and co-workers33 local inflammation with abscess production
and a certain degree of accompanying general intoxication was pro-
duced by the chemical irritation due to turpentine injected subcutane-
56HYPOPROTEINEMIA
ously. The dog under such circumstances was able to regenerate
only one-third as much serum protein as during the previous control
periods. Of particular interest is the fact that, while the animal
evidenced this impairment in ability to form serum protein, the
nitrogen balance studies indicated no significant disturbance in the
general protein metabolism of the organism.
10. Finally, the experimental production of an impairment of
the ability of the organism to regenerate serum protein has been
observed in two isolated instances."3 38 In the course of our studies
on the influence of various dietary factors upon the regeneration of
serum protein38 we observed that one dog was able to produce
serum protein at only one-half the rate shown in the first and true
biological assay of casein, although the protein diet and caloric
intake remained unchanged. For the proper evaluation of dietary
proteins with respect to their ability to promote serum protein
formation, the animals were subjected to a plasmapheresis regime,
extending over a period of four weeks, only after they had been
given an adequate rest period subsequent to the previous assay.37' 38
When the impairment in the ability of this particular dog to regen-
erate the blood protein was observed, the animal had been subjected
to a total of 15 weeks of continuous plasmapheresis. Furthermore,
the dog had subsisted during alternate periods of two weeks on the
protein-free diet on the one hand and on adequate protein rations
on the other. In other words, the animal was subjected at times
to both a loss of protein by bleeding and to a lack of protein from
the diet.
Recently Whipple and his associates33 have confirmed this obser-
vation, reporting that one of their dogs, which had been subjected
to a long period of plasma depletion and had subsisted on a low-
protein basal diet, failed to regenerate serum protein as adequately
as formerly.
These observations are being extended in this laboratory in order
to determine precisely which factor, loss or lack of protein, or a com-
bination of the two, is essential in causing an impairment in the
ability of the organism to regenerate serum protein. In one of our
most recent investigations40 only the loss factor was made to operate.
It was shown conclusively, we believe, that, as long as the animal
subsists on an adequate protein ration, excessive loss of protein will
cause no impairment in serum protein formation. Experiments
are planned for the future in which dogs will be subjected to our
protein-free diet (lack ofprotein) in addition to quantitative plasma-
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pheresis (loss of protein); under such conditions it is likely that
the change in ration to an adequate protein diet will result in a
greatly decreased output of serum protein when compared with
the previous control periods.
So long as the "loss and l'ack" theory is believed to be sufficient
in explaining the development and persistence of all cases of hypo-
proteinemia, there can be very little justification for any therapeutic
measure other than the feeding of adequate protein diets. How-
ever, the evidence listed above forces one to conclude that loss and
lack of protein alone are inadequate to explain the observed facts
in all instances of hypoproteinemia. Some other factor, possibly
injury to or an inhibition of the serum protein regenerating mechan-
ism, must be postulated as an accessory agent.
It is our present opinion that the adequate approach to the solu-
tion of the problem of hypoproteinemia lies not so much in the
evaluation of dietary factors, but, as has been suggested,48 in finding
a way for stimulating internally the serum protein regenerating
mechanism, which seems to involve in some manner the capacity of
the tissues to furnish protein for the needs of the plasma."8 Not
until the investigator has at his disposal experimental animals exhib-
iting an impairment in ability to produce serum protein can this
problem be studied adequately. At the present time it seems to us
that the only approach to the problem is through use of the technic
of quantitative plasmapheresis3" combined with suitable control and
evaluation of dietary factors, as illustrated in the papers37' 38, 39,40
describing our experimental procedures. Thus, in the condition of
nutritional edema with a hypoproteinemia one has no satisfactory
means of evaluating the dietary factors quantitatively, inasmuch as
the experimental subject has been exposed to the effects of a pro-
longed negative nitrogen balance, frequently together with an inade-
quate caloric intake. As a result of this, three processes compete for
the available dietary protein: (a) the repair of wasted tissues; (b)
the satisfaction of the normal daily maintenance metabolism; (c)
the regeneration of serum protein. Approach to the problem of
stimulating internally the serum protein regenerating mechanism by
conducting clinical tests on patients with marked proteinurias does
not appear capable of yielding satisfactory results. In addition to
the fact that such individuals are frequently malnourished at the
time when they present edema and low serum protein concentra-
tions,43 spontaneous remissions of the disease may occur even though
the diet has not been appreciably altered.5 Furthermore, as in the
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case of many dinical studies of this nature it is impossible to keep
the daily intake of the ration constant or to obtain a normal control
picture of the ability of the particular patient to regenerate serum
protein.
Recently we reported4" our findings with respect to the influence
of pregnancy and lactation upon serum protein regeneration. It
was shown that the pregnant or lactating dog exhibits a marked
impairment in its ability to form the blood protein. The synthesis
of body proteins in the fetus during pregnancy and the milk proteins
during lactation may be regarded actually as an internal plasma-
pheresis, leading to a depletion of the serum protein by the prefer-
ential utilization of the materials from which this complex is made.
It is quite conceivable that any method devised for stimulating
internally the serum protein regenerating mechanism in conditions
of hypoproteinemia may also be effective as a prophylactic measure
during pregnancy and lactation.
The importance of finding some other method for promoting
the formation of serum protein in certain types of nephritis than by
feeding relatively high protein diets is obvious from the studies
conducted by Bing5 and by Farr and Smadel."5 Bing has reported
that the total protein excretion in patients with Bright's-disease varies
with the creatinine clearance, which is interpreted to indicate a uni-
form excretion mechanism; filtration through the glomeruli and
neither secretion nor re-absorption in the tubules. Assuming that
creatinine clearance indicates the value of the filtration, it was pos-
sible for him to calculate the average protein content in the glo-
meruli, which indicates the degree of the proteinuria in relation to
the quantity of active renal tissue. This value of protein content in
the glomerular filtrate was found to be constant under constant
experimental conditions in the individual patients, whereas in other
cases different values were recorded. It was therefore assumed that
the degree of proteinuria depends upon two factors, the filtration
value and the permeability of the glomerular membrane. Repeat-
edly it was demonstrated that, although the proteinuria was fairly
constant from day to day, the amount of protein lost in the urine
varies directly with the protein content of the diet. These varia-
tions were considerable and, as there were no corresponding changes
in the creatinine clearance, there were estimated to be large varia-
tions in the calculated protein content in the glomerular filtrate.
This seemed to indicate that the protein content of the diet in some
way affects the permeability of the glomerular membrane. This
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work carries with it the implication that high-protein diets in con-
ditions of Bright's disease may operate through a vicious cycle.
Whereas such a diet may eliminate in the patient the incapacitating
effects of the edema, it may also, according to Bing, increase glo-
merular permeability and this may act as one of the major factors
in the production of the edema and hypoproteinemia.
In the studies conducted by Farr and Smadel15 the influence
of diet on the course of nephrotoxic nephritis was investigated.
With suitable nephrotoxic sera it was possible for these investigators
to induce in rats a nephritis which resembled very closely human
Bright's disease with respect to its clinical course, impairment of
renal function, and pathology. When such rats were fed a 5 per
cent protein diet a marked improvement was observed within the
second month; eight and a half months later the animals appeared
to be normal. However, in the case of rats subsisting on a 40 per
cent protein ration, all developed progressive nephritis; 13 of the
15 animals died of renal failure, averaging six months' survival
after injection. These experiments appear to confirm the findings
of Bing, discussed above, with respect to the possibility of high-
protein rations being actually injurious in conditions of nephritis.
Summary
A consideration oftheclinical and experimental findings indicates
that loss and lack of protein may be significant factors in the pro-
duction of a hypoproteinemia. However, such a simple concept
does not fit all the facts. Evidence is cited in support ofthe hypoth-
esis that some other factor, such as an impairment of or an injury
to a specific mechanism responsible for the formation of serum pro-
tein, may play an accessory, if not the primary, role in the produc-
tion and persistence of a hypoproteinemia. It is believed that the
adequate approach to the solution of the problem of hypoprotein-
emia may well include attempts to find a way for stimulating inter-
nally the serum protein regenerating mechanism, which seems to
involve in some manner the capacity of the tissues to furnish protein
for the needs of the plasma. The present practice of feeding rela-
tively high-protein diets in cases of hypoproteinemia, especially
when the condition is associated with prolonged loss of protein in
the urine, should be looked upon merely as a temporary expedient,
not only because such a procedure is based upon the belief that the
proteinuria is solely responsible for the onset and persistence of the
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hypoproteinemia but also because the consumption of such a ration
may possibly operate as part of a vicious cyde and eventually be
actually injurious to the individual.
BIBLIOGRAPHY
1 Abel, J. J., Rowntree, L. G., and Turner, B. B.: Plasma removal with return
of corpuscles. (Plasmaphaeresis.) J. Pharm. & Exper. Therap., 1914,
5, 625.
2 Andrews, E., Thomas, W. A., and Welker, W. F.: Albuminuria in the
mechanism of detoxification. Arch. Int. Med., 1929, 43, 139.
3 Barker, M. H., and Kirk, E. J.: Experimental edema (nephrosis) in dogs in
relation to edema of renal origin in patients. Arch. Int. Med., 1930,
45, 319.
4 Barnett, C. W., Jones, R. B., and Cohn, R. B.: Maintenance of a normal
plasma protein concentration in spite of repeated protein loss by bleeding.
J. Exper. Med., 1932, 55, 683.
5 Bing, J.: Studies on proteinuria. "Albuminuria." Dissertation, Levin and
Munksgaard, Ejnar Munksgaard, Copenhagen, 1936, 151 pp.
6 Block, R. J.: On the nature and origin of proteins. Yale J. Biol. & Med.,
1935, 7, 235.
7 Block, R. J., Darrow, D. C., and Cary, M. K.: The basic amino acids of
serum proteins. III. A chemical relationship between serum proteins of
various origins. J. Biol. Chem., 1934, 104, 347.
8 Bloomfield, A. L.: The effect of restriction of protein intake on the serum
protein concentration of the rat. J. Exper. Med., 1933, 57, 705.
9 Bloomfield, A. L.: The effect of carrot feeding on the serum protein concen-
tration of the rat. J. Exper. Med., 1934, 59, 687.
10 Bloomfield, A. L.: The effect of various protein rations on the serum protein
concentration of the rat. J. Exper. Med., 1935, 61, 465.
11 Bruckman, F. S., D'Esopo, L. M., and Peters, J. P.: The plasma proteins in
relation to blood hydration. IV. Malnutrition and the serum proteins.
J. Clin. Invest., 1930, 8, 577.
12 Bruckman, F. S., and Peters, J. P.: The plasma proteins in relation to blood
hydration. V. Serum proteins and malnutritional or cachectic edema.
J. Clin. Invest., 1930, 8, 591.
13 Darrow, D. C., Hopper, E. B., and Cary, M. K.: Plasmapheresis edema.
I. The relation of reduction of serum proteins to edema and the patho-
logical anatomy accompanying plasmapheresis. J. Clin. Invest., 1932,
11, 683.
14 Denton, M. C., and Kohman, E. A.: Feeding experiments with raw and
boiled carrots. J. Biol. Chem., 1918, 36, 249.
15 Farr, L. E., and Smadel, J. E.: Influence of diet on the course of nephrotoxic
nephritis in rats. Proc. Soc. Exper. Biol. & Med., 1937, 36, 472.
16 Fishberg, E. H., and Fishberg, A. M.: The mechanism of the lipemia of
bleeding. Proc. Soc. Exper. Biol. & Med., 1928, 25, 296.
17 Frisch, R. A., Mendel, L. B., and Peters, J. P.: The production of edema and
serum protein deficiency in white rats by low protein diets. J. Biol.
Chem., 1929, 84, 167.62 YALE JOURNAL OF BIOLOGY AND MEDICINE
18 Hanson, S.: The constancy of the protein quotient during intensive digestion
and prolonged starvation. J. Immunol., 1918, 3, 67.
19 Holman, R. L., Mahoney, E. B., and Whipple, G. H.: Blood plasma protein
regeneration controlled by diet. J. Exper. Med., 1934, 59, 251.
20 Hynd, A.: On the nature of urinary protein, with special reference to cases
of eclampsia. Lancet, 1925, ii, 910.
21 Kerr, W. J., Hurwitz, S. H., and Whipple, G. H.: Regeneration of blood
serum proteins. I. Influence of fasting upon curve of protein regenera-
tion following plasma depletion. Am. J. Physiol., 1918, 47, 356.
22 Kerr, W. J., Hurwitz, S. H., and Whipple, G. H.: Regeneration of blood
serum proteins. 1I. Influence of diet upon curve of protein regeneration
following plasma depletion. Am. J. Physiol., 1918, 47, 370.
23 Keutmann, E. H., and Bassett, S. H.: Dietary protein in hemorrhagic Bright's
disease. II. The effect of diet on serum proteins, proteinuria and tissue
proteins. J. Clin. Invest., 1935, 14, 871.
24 Kirk, E. J.: Studies of edema, especially the edema of renal origin. Am. J.
Clin. Path., 1935, 5, 21.
25 Kohman, E. A.: The experimental production of edema as related to protein
deficiency. Am. J. Physiol., 1920, 51, 378.
26 Kozawa, S., Iwatsuru, R., and Adachi, T.: Studien iuber Harneiweiss.
Biochem. Ztschr., 1933, 260, 313.
27 Lang, K.: Die chemische Zusammensetzung der Urineiweissk5rper bei Albu-
minurien. Arch. f. exper. Path. u. Pharm., 1933, 171, 73.
28 Leiter, L.: Experimental nephrotic edema. Arch. Int. Med., 1931, 49, 1.
29 Lepore, M. J.: Experimental edema produced by plasma protein depletion.
Arch. Int. Med., 1932, 50, 488.
30 Liu, S. H., and Chu, H. I.: An optimal diet in promoting nitrogen gain in
nephrosis. J. Clin. Invest., 1935, 14, 293.
31 Liu, S. H., Chu, H. I., Wang, S. H., and Chung, H. L.: Nutritional edema.
I. Effect of level and quantity of protein intake on nitrogen balance,
plasma proteins and edema. Chinese J. Physiol., 1932, 6, 73.
32 Lusk, G.: The physiological effect of under-nutrition. Physiol. Rev., 1921,
1, 523.
33 Madden, S. C., Winslow, P. M., Howland, J. W., and Whipple, G. H.:
Blood plasma protein regeneration as influenced by infection, digestive
disturbances, thyroid and food proteins. A deficiency state related to
protein depletion. J. Exper. Med., 1937, 65, 431.
34 Maver, M. B.: Nutritional edema and war dropsy. J. Am. Med. Asso., 1920,
74, 934.
35 McNaught, J. B., Scott, V. C., Woods, F. M., and Whipple, G. H.: Blood
plasma protein regeneration controlled by diet. Effects of plant proteins
compared with animal proteins. The influence of fasting and infection.
J. Exper. Med., 1936, 63, 277.
36 Melnick, D., and Cowgill, G. R.: A quantitative technique for performing
plasmapheresis. J. Exper. Med., 1936, 64, 865.
37 Melnick, D., Cowgill, G. R., and Burack, E.: The influence of diet upon
the regeneration of serum protein. I. Standardization of experimental
technique. J. Exper. Med., 1936, 64, 877.HYPOPROTEINEMIA 63
38 Melnick, D., Cowgill, G. R., and Burack, E.: The influence of diet upon
the regeneration of serum protein. II. The potency ratios of serum
protein, lactalbumin and casein, and the effect of tissue protein catabolism
on the formation of serum protein. J. Exper. Med., 1936, 64, 897.
39 Melnick, D., and Cowgill, G. R.: The protein minima for nitrogen equili-
brium with different proteins. J. Nutrition, 1937, 13, 401.
40 Melnick, D., and Cowgill, G. R.: The influence of prolonged intensive plas-
mapheresis upon the ability of the organism to regenerate serum protein.
J. Exper. Med., 1937, 66, 493.
41 Melnick D., and Cowgill, G. R.: The influence of pregnancy and lactation
upon the regeneration of serum protein. J. Exper. Med., 1937, 66,
509.
42 Peters, J. P., Bulger, H. A., Lee, C., and Murphy, C. F.: The relation of
albuminuria to protein requirements in nephritis. Arch. Int. Med., 1926,
37, 153.
43 Peters, J. P., Bruckman, F. S., Eisenman, A. J., Hald, P. N., and Wakeman,
A. M.: The plasma proteins in relation to blood hydration. VI. Serum
proteins in nephritic edema. J. Clin. Invest., 1931, 10, 941.
44 Pommerenke, W. T., Slavin, H. B., Kariher, D. H., and Whipple, G. H.:
Blood plasma protein regeneration controlled by diet. Systematic stand-
ardization of food proteins for potency in protein regeneration. Fasting
and iron feeding. J. Exper. Med., 1935, 61, 261.
45 Shelburne, S. A., and Egloff, W. C.: Experimental edema. Arch. Int. Med.,
1931, 48, 51.
46 Smith, H. P., Belt, A. E., and Whipple, G. H.: I. Rapid blood plasma
protein depletion and the curve of regeneration. Am. J. Physiol., 1920,
52, 54.
47 Torbert, H. C.: The effect of fasting on the serum protein concentration of
the rat with special reference to the question of the existence of an
immediately utilizable circulating protein fraction. J. Exper. Med.,
1935, 62, 1.
48 Weech, A. A., Goettsch, E., and Reeves, E. B.: Nutritional edema in the dog.
I. Development of hypoproteinemia on a diet deficient in protein.
J. Exper. Med., 1935, 61, 299.
49 Weech, A. A., Goettsch, E., and Reeves, E. B.: Nutritional edema in the dog.
II. Hypoalbuminemia and the augmentation of tissue fluid. J. Exper.
Med., 1935, 61, 717.
50 Weech, A. A., Snelling, C. E., and Goettsch, E.: Relationship between plasma
protein content, plasma specific gravity and edema in dogs maintained on
a protein inadequate diet and in dogs rendered edematous by plasma-
pheresis. J. Clin. Invest., 1933, 12, 193.
51 Whipple, G. H., Smith, H. P., and Belt, A. E.: Shock as a manifestation of
tissue injury following rapid plasma protein depletion. The stabilizing
value of plasma proteins. Am. J. Physiol., 1920, 52, 72.